In the supraclavicular lateral paravascular approach for brachial plexus regional anesthesia by Moorthy et al. (Moorthy's block), the patient is supine with the ipsilateral shoulder displaced anteriorly 5-8 cm. The needle direction is precisely defined in the coronal plane (using a Doppler flowprobe) but not in the sagittal plane. We sought to determine whether the block could be simplified by keeping the shoulder in a neutral position, if the needle direction in the sagittal plane could be more precisely described, and if the risk of pneumothorax appeared acceptably small. These questions were studied by magnetic resonance imaging in 10 volunteers. Volume datasets of the periclavicular region allowed precise positioning of simulated needles. In all volunteers, Moorthy's block could be performed with the shoulder in a neutral position. The optimal needle trajectory passed 5 mm posterior to the clavicle and was 25°posterior to the coronal plane, never approaching the pleura closer than 18 mm. We conclude that Moorthy's block can be performed with the shoulder in a neutral position, that more precise instructions for the needle direction can be given, and that the risk of pneumothorax seems minimal. This should be confirmed by a clinical study. (Anesth Analg 2001;93:442-6) 
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(Anesth Analg 2001;93:442-6) I nfraclavicular brachial plexus blocks have been designed to block all the major nerves of the brachial plexus while minimizing complications such as pneumothorax or major bleeding (1, 2) . The supraclavicular lateral paravascular approach for brachial plexus regional anesthesia by Moorthy et al. (3, 4 ) (Moorthy's method) may be considered an infraclavicular method. Although the needle insertion site is supraclavicular, the target is infraclavicular, at the cords or divisions of the brachial plexus. Compared with other infraclavicular methods (1,2), Moorthy's method has the advantage of a very flat needle angle to the skin and pleura and therefore a theoretically reduced risk of pneumothorax. Using Moorthy's method (Fig. 1) , the patient is supine with a small sheet rolled under the ipsilateral shoulder, elevating it 5-8 cm, to accentuate the clavicle and the sternocleidomastoid muscle (4) . The arm is placed at the side and the head rotated 45°to the contralateral side. A Doppler flowprobe is used to identify and mark the course of the third part of the subclavian artery above the clavicle (just lateral to the clavicular head of the sternocleidomastoid muscle) and the first part of the axillary artery below the clavicle. The point of needle insertion is 2 cm superior to and behind the clavicle and 1 cm lateral to the artery marking. A 5-cm long needle is advanced parallel to the surface marking of the artery, behind the clavicle and toward the axilla, in a caudad, lateral, and posterior direction. A nerve stimulator aids in exact positioning of the needle with the tip caudad to the clavicle.
In our experience with Moorthy's method, we have not found anterior displacement of the patient's shoulder necessary for recognizing the anatomic landmarks and performing the block. Further, we have observed that although the Doppler-derived line to be drawn on the skin defines a precise angle for needle direction in the coronal plane, the optimal needle angle in the sagittal plane remains uncertain.
Our goals were to evaluate Moorthy's method (with our minor modification of the shoulder position) and to give it a more precise geometric definition. This included confirming that the block may be performed without anterior displacement of the shoulder, evaluating the anatomic precision of the method with respect to a target at cord level of the brachial plexus, suggesting a more precise definition of the trajectory in the sagittal plane, determining whether the recommended needle length of 5 cm is adequate for performing the block and assessing the risk of penetrating the pleura. For the study, we used magnetic resonance imaging (MRI) that easily demonstrates the brachial plexus (5).
Methods
After approval of the protocol by the regional ethical committee, 10 healthy volunteers gave written informed consent for MRI of their brachial plexus anatomy. They were identical to those participating in our two first studies (6,7) and were examined in an open configured MRI scanner (GE Signa SP, 0.5 Tesla; GE Medical, Milwaukee, WI), without the use of any needle. The volunteers were positioned as if they were to receive Moorthy's block of the right upper extremity (supine with the arms adducted and the head rotated 45°to the opposite side), except that the ipsilateral shoulder was kept in a neutral position instead of being anteriorly displaced. Sagittal images were obtained by using a three-dimensional T1-weighted gradient echo sequence (SPGR), and from these images, multiplanar coronal and axial images were reconstructed. A virtual reality model of each volunteer's infraclavicular region was thus created. The scanning parameters were: TR 34 ms, TE 15 ms, flip angle 60°, slice thickness 2 mm, matrix 120 ϫ 256, FOV 240 mm ϫ 320 mm, receive bandwidth 12, NEX 1, and number of slices 124. This resulted in a total scanning time of 8 min 46 s.
As a target structure of the procedure we chose the posterior cord of the brachial plexus, which was seen in coronal slices as a nerve structure lying lateral and cephalad to the axillary artery. To determine the relationship between the needle direction (the trajectory) and the posterior cord and the pleura, the point of needle insertion and the final position of the needle tip had to be defined. The first point was determined according to Moorthy's method, whereas the latter was defined particularly for this study.
In coronal magnetic resonance (MR) images the point of needle insertion was determined by the crossing of two lines (Fig. 2 ). The first line was lateral and parallel to the midaxis of the subclavian-axillary artery at a distance of 1.0 cm. We assumed that this line corresponds to the Doppler-derived line drawn on the skin using Moorthy's method 1 cm lateral to the subclavian-axillary artery marking. The second line was superior to and parallel to the superior border of the middle third of the clavicle. Clinically this line is drawn on the skin parallel to the superior border of the clavicle, 2.0 cm above and behind the clavicle (3). To mark this line in coronal MR images, its cephalocaudad distance from the superior border of the clavicle had to be found. The distance was derived from a sagittal slice through the middle part of the clavicle (Fig. 3) , selected in such a way that an anteroposterior line drawn through the center of the subclavian artery also abutted the superior border of the clavicle. From the point where the anteroposterior line intersected the skin (the first skin point), a line tangential to the skin in cephaloposterior direction was drawn. On this tangent a second skin point was marked 2.0 cm from the first. The perpendicular distance from the second skin point to the anteroposterior line was the distance between the superior border of the clavicle and its parallel line in the coronal plane.
The final position of the needle tip was to be located approximately 1 cm caudad to the inferior border of the clavicle, as this is a usual end position of the needle tip using Moorthy's method (Moorthy, personal communication, 1999) . In the coronal plane, this point was determined by drawing a line caudad and parallel to the inferior edge of the clavicle at a distance of 1 cm (Fig. 4) . The point at which this line crossed the coronal projection of the trajectory defined the final position of the needle tip. The projection of this point to the coronal slice most distinctly delineating the posterior cord defined the position of the needle tip in the sagittal plane. This coronal slice was assumed to contain the midaxis of the posterior cord. Therefore, the final position of the needle tip was as close as (Fig. 3) . Line 3 is parallel to the superior border of the clavicle and goes through the needle insertion point. Line 4 corresponds to the midaxis of the artery (transferred from a different coronal slice). Line 5 is perpendicular to this line, 1 cm long. Line 6 is parallel to the midaxis of the artery at a distance of 1 cm. The intersection between lines 3 and 6 corresponds to the point of needle insertion in the coronal plane. and the simulated needle depth were measured in this plane. The shortest distance between the final needle tip position and the posterior cord was measured in a plane that went through the final position of the needle tip and was perpendicular to the posterior cord (Fig. 6) . The shortest distance between the needle trajectory (from the insertion site to the final position of the needle tip) and the pleura was measured in planes perpendicular to the needle trajectory with 1-mm intervals. The results are presented as means Ϯ sd or means (range).
Results
The volunteers, 5 women and 5 men, were 30 Ϯ 9 (24 -51) yr old with a height of 175 Ϯ 11 (160 -193) cm and a weight of 68 Ϯ 16 (50 -102) kg.
Using the best-case needle direction in the oblique sagittal plane of each volunteer, the trajectory was never obstructed by the clavicle, passing 6 (3-9) mm posterior to the dorsal aspect of the clavicle. In this setting, the needle trajectory was slightly posterior to the coronal plane by 26°(20°-33°). The trajectory deviated by 4 (2-6) mm from the target, always lateral to the target. This very small imprecision was solely caused by imprecision in the coronal plane, because in the other plane defining the trajectory (the oblique sagittal plane), the optimal trajectory of each volunteer was used. The length of the simulated needle beneath the skin was 48 (42-53) mm.
The shortest distance between the needle trajectory and the pleura was 23 (18 -28) mm. At the needle insertion site and the final position of the needle tip, the shortest distances to the pleura were 28 (20 -34) mm and 23 (20 -28) mm, respectively. Only 3 patients had a point on the needle trajectory closer to the pleura than the final position of the needle tip, and only by 1 or 2 mm. These results fit with the finding that the distal half of the needle trajectory was practically parallel to the pleura.
Discussion
Using Moorthy's method, the needle is advanced behind the clavicle from a supraclavicular to an infraclavicular position with the cords/divisions of the brachial plexus as the target. By using MRI, we have investigated a small modification of Moorthy's method differing from the original method only with regard to the position of the patient's shoulder. Whereas the shoulder is displaced anteriorly using the original method, it remains in the neutral position in the modified method.
Our MRI study confirms that the block may be performed without displacement of the shoulder, as the best-case needle direction in the sagittal plane was never obstructed by the clavicle. A problem with the neutral shoulder position may be the narrow space between the insertion site and the patient's face when handling a needle connected directly to the syringe. Using an extension tube between the needle and the syringe solves this difficulty. We consider having the shoulder in neutral position a simplification of Moorthy's method, making standardization of the procedure easier.
In the coronal plane the recommended trajectory of Moorthy's method is derived by using Doppler ultrasound. The results of this study confirm the validity of this approach in defining the proper needle angle in the coronal plane. However, the Doppler markings do not aid in defining the optimal sagittal direction of the needle. In using Moorthy's point of needle insertion while the patient keeps the shoulders in neutral position, our MRI study suggests passing the needle approximately 0.5 cm posterior to the clavicle. Then the needle would have an approximately 25°posterior angle to the coronal plane. If the nerve stimulator does not confirm optimal position of the needle, one may try a second needle pass immediately behind the clavicle. The last alternative is to direct the needle more posteriorly, but probably no more than 1 cm behind the clavicle, to reduce the risk of pneumothorax.
The risk of pneumothorax can be further reduced by keeping the needle parallel to the chest surface and not directing the needle deeper than the ventral surface of the second rib. Respecting these details, and given our MRI finding that the optimal trajectory has a minimum distance to the pleura of as much as 18 mm, we think that the risk of penetrating the pleura is very small. However, this needs to be confirmed in a clinical study.
To contact the brachial plexus approximately 1 cm caudad to the clavicle, a 5-cm long needle may prove to be too short in a few cases. Of course, the brachial plexus may be reached at shorter lengths with a more proximal target; however, this would demand a larger posterior needle angle to the coronal plane with an increased risk of contacting the pleura.
Angles and distances may be different with the shoulder displaced anteriorly. Therefore our suggestions are meant only for patients having the shoulder in the neutral position.
Finding the recommended needle direction in the coronal plane without the use of a Doppler flowprobe is desirable, but this is outside the scope of the present study.
In conclusion, our MRI study confirms that Moorthy's block may be performed without the anterior displacement of the patient's ipsilateral shoulder. With the shoulder in the neutral position, the precision of Moorthy's modified method is good in the coronal plane. For similar precision in the sagittal plane with minimal risk of pleural penetration, the needle should be directed 0.5 cm behind the clavicle, giving an approximately 25°posterior angle to the coronal plane. In some cases a 5-cm long needle may prove to be too short.
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